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Description 

BACKGROUND OF THE INVENTION 
(FieW of the Invention] 

^^^STSiw on <M ~«W " »»* 



[Description of the Prior Art] 

'23£S£S£ 

^ The neurochips having already been proposed 
JTSwoiao types, semiconductor de- 
030 bS ^S. devS. SSugh the neurochips 
vices and .^JT^have a more feasibility, 
using semiconductor devfces "J*^ cnarac teris- 
they indude noones hav.ngapprc^a 

as the devices performing analog 

,SS they are composed of polymers 

such as poiyacetylene. ^ 

polyani.ine. ^"^^eclron accep- 
electron donors (ej. motel a 

tastanior^suchasLe^sa^p 
dopant, thus showing a high eieanw 



22SS5sass£ 

f s^rSuctor layer so that depart 

25 ^gate prtyrr^'n'C^ j ted polymeric 

let^themW^^;^: 
negative voltage ^roncon- 
35 change the dopant ^^^^r. thereby vary- 
jugate polymeric setr^ductix myeu 

£ g the electrical ^^J^TZ^Z I said 
memory device by ^^S^S between 
first gate electrode and applying a vuh» s 
40 said pair of electrodes. fe mven- 

alent to source and drain or fC ' 
lowing them to be switched ^^oper- 
This semiconductor memory ^^T^^ 
ation is equivalent to the FET operabon <^ 0 f™ 
anon » <*h has excellent memory type 

mobile semiconductor, has ewa oractically usable 
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by the time-varying dopant concentration. This move- 
ment of the dopant is of a memory type and would 
never be done without gate electric field. Accordingly, 
when a network is formed of the plastic devices in ac- 
cordance with this invention, a superior neural net- 
work with a high S/N ratio may be formed by virtue of 
a high change ratio in its channel impedance. 

BRIEF EXPLANATION OF THE DRAWINGS 

Figs. 1 and 2 are sectional conceptual views each 
showing an example of a semiconductor memory 
device in accordance with this invention; 
Fig. 3 is a view typically showing the movement 
of anion dopant when a p-type electron conjugate 
polymeric semiconductor is used; 
Figs. 4 and 5 are views showing the equivalent 
circuit of the device in accordance with this inven- 
tion and the correlation and principle of the de- 
vice configuration; 

Figs. 6 and 7 are views each showing an example 
of the construction of four and two terminals, re- 
. spectively, in the device of this invention; 
Fig. 8 is a chart showing the drain current re- 
sponse, corresponding to gate voltages of the 
semiconductor memory device of this invention; 
Fig. 9 is a chart showing the drain current-gate 
voltage (l D -V Q ) of the device of this invention; and 
Fig. 10 is a view showing an example of the neu- 
ral network of this invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Fig. 1 shows a sectional conceptual view illus- 
trating an example of a semiconductor memory de- 
vice of this invention. On a substrate 7, there is 
formed an electron conjugate polymeric semiconduc- 
tor layer 3 containing a dopant, whereon are provided 
a pair of electrodes 1 and 2, and at least one gate 
electrode 5 is provided between the pair of electrodes 
1 and 2 with an insulating layer 6 interposed. 

For the material of the electron conjugate poly- 
meric semiconductor layer 3, pdythiophene, polypyr- 
rote, pory-p-pbenytene, and their copolymers and der- 
ivatives are used. 

The electron conjugate polymer for this purpose 
is preferably supplied by synthesis through electrolyt- 
ic polymerization (anodic oxidation polymerization or 
cathodic reduction polymerization) and a polymer de- 
rived from chemical polymerization may also be used. 

Anodic oxidation polymerization is that a dopant 
is dissolved into an electron conjugate monomer sol- 
ution and, under an electric field generated between 
at least one pair of electrodes, the electron conjugate 
monomer is electrolytically polymerized onto the 
anode with the result of obtaining an electrically con- 
ductive polymer into which the dopant has been dis- 



persed. 

This method enables a molecular order film to be 
formed easily and uniformly, thereby facilitating the 
constructing of high-speed responsive devices. 

5 Furthermore, if both the dopant, imparting elec- 

tronic conductivity, and the plasticizer dissolving the 
dopant are dispersed into a polymer having long * 
electron conjugate principal chains, an electron con- 
jugate polymeric semiconductor layer having a high 

10 level of dopant mobility can be obtained, hence a 
semiconductor memory device having a high speed 
response. 

Referring now to the operation of this invention, 
when a current source is connected across the elec- 
ts trodes 1 and 2, and a gate voltage to be applied to the 
gate electrode 5 is controlled, the channel impedance 
in the electron conjugate polymeric semiconductor 
layer 3 between the electrodes 1 and 2 will be con- 
trolled by the gate voltage. That is, the dopant con- 
20 centration in the electron conjugate polymeric semi- 
conductor layer 3 will be varied correspondingly to the 
gate voltage, thereby the channel impedance to be 
varied. 

The channel impedance across the source and 

25 the drain of this semiconductor memory device is de- 
pendent on the dopant concentration in the channel 
(equivalent to the impurity concentration of a semi- 
conductor), so that the lower the impedance, the 
more the drain current An electron conjugate poly- 

30 meric semiconductor features in that the electrical 
conductrvity thereof will be greatly varied from insu- 
lator to conductor depending on its dopant concentra- 
tion. The present invention is intended to exert this 
feature of the electron conjugate polymeric semicon- 

35 ductor to the best use. 

The dopant in this invention is mobile and its po- 
larity is reverse to that of the charge carriers of the 
electron conjugate polymeric semiconductor, so that 
the electrical conductivity of the channel will be large- 

40 ry varied in the reverse direction against the variation 
- of conduction due to the FET principle. In addition, it 
is also possible that the mobility of the dopant has ex- 
act threshold values through the selecting of dopant, 
Le. its Ion radius and the amount of electric charge. 

45 Fig. 8 illustrates the operation characteristics 
showing the drain current response corresponding to 
the gate voltage in the case where a p-type electron 
conjugate polymeric semiconductor and an anion do- 
pant are used for the semiconductor memory device 

50 as an example. This figure is taken from a case in 
which the pulse width is longer than the movement of 
the dopant, where the gate voltage is varied to the 
three steps, a positive pulse voltage, a negative pulse 
voltage, and ground voltage. The response of field ef- 

55 feet is in the order of microseconds, and the move- 
ment of dopant is in the order of milliseconds. 

The state of the operation of this device can be 
represented as in Fig. 9 from the viewpoint of l 0 -V 0 
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as MOSFETs of enhancement type ana u 

type are combf^ device, when 

Using this semiconductor mem ry 5 
a semiconductor memory device 13 « to 

^^f^^^dfisetwith 
a learning with a positive gawH or> |ythede- 

a negative gate pulse »j^ n F «^ mxits 
v^n the network suble^tl^^ 10 

• m anextreme^yiovv '^^^^taKing a 
tor memory ^ net workmakes use 

^^^Cd in Section as shown 
C deSs i^constnicted in the same 
^ ^leSonductor integrated circuit proc- 
manner as m semiw" ne tv»ork to be con- 

ess, thereby blowing ^.Contribution Ick 30 
structed on a chip and hence a large con 

ward information P"^" 9 ! . fte semiconductor 
Fa. 2 shows an example « "f""V h - ng 
menSy device w»h *^ 

mobile dopant retaining layer 4 rs a layer so 

therefore being ^^^SS^ 
teyer may also be an « e °^ J characteristic in 

orthogonal direction thereof. 2 , due to the <s 

=5SSSSS=sk * 

er 4 which J*™ 9 ^ - B an electron donor 
electrode. When the on rad«a « an 

(D) (D* * e' 0°) b stead,,y ^P 631 * 1, W ' 



/a - A+ e") is steadily repeat- 
anelectronacopto^^A e> anio n 

f F " I^rr 9 reS,rode thereby in- 
° 0Pant mt^ec^cSductivty thereof, with ♦ 
T^TJT^L remains in the depart 
^es of ^ I ™ charges are then reduced by 
retaining layer4^r^*a^ eturnjngto 

po.ymer.Thus, 

^tSSS. dopant retaining layer 4 is formed of 
a lav^etuptyXoWing into an ionic pc^a 
! * »^«u«5v comprising electron donors (metal 

compounds or pc^^P^ .^.^- 

„ 110 _j < or «he polyion complexes i~ * 

mers used for tne pol yurethane, potya- 

^ *»-» «*« «r 

.SSSrssiwas 

a pdymeno eor»pl«x """" lo _ > _ 0OI | uet Mty 
ttdophene copoly™.. urn* «pol»r»r. 
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charged ion radical is dispersed has such a struc- 
ture that a salt having, as ion radicals, heterocyc- 
lic cation radicals containing nitrogen and/or sul- 
fur or anion radicals such as haloquinone and cy- 
anoquinone has been molecularly dispersed into 5. 
a compatible polymer, the construction being 
possible obtained by a large number of charge- 
transfer type organic semiconductor molecularly 
dissolved in a polar polymer, for this polar poly- 
mer, a polymer containing nitrogen or sulfur is 10 
suitable, specifically such as an aminogroup 
contained polymer, polyurethane, polyamide, 
and polyester. 

(c) The ion radical polymer here used may be 
either a cation radical polymer or an anion radical 15 
polymer, whereas a cation radical polymer having 

in its side chains or main chains heterocyclic ca- 
tion radicals containing nitrogen and/or sulfur Is 
the most conveniently available, such as poly- 
mers containing pyridine rings, pyrimidine rings, 20 
triazine rings, imidazole rings, thiazole rings, 
thiopyran rings, thiophene rings, pyrrole rings, in- 
dole rings, and quinoline rings. 

(d) For the low-conductivity compound made of a 
mobPe dopant contained higrvconductfvity dec- 25 
tron conjugated polymer and an insulating poly- 
mer, such a compound with an arbitrary electrical 
conductivity may simply be derived by com- 
pounding an electron conjugate polymer contain- 
ing the dopant with a high conductivity and an in- 30 
sulatmg polymer. 

Fig. 3 typically illustrates the movement of the do- 
pant within the semiconductor memory device in Fig. 
2, wherein on an electron conjugate polymeric semi- 
conductor layer 3 including p-type electron conjugate 35 
polymeric semiconductor 9, 9-1 and anion dopant 10 
there is provided a gate electrode 5 therebetween 
with an insulating layer interposed. The anion dopant 
10 in this invention is mobile and moreover has the 
polarity opposfte to that of the p-type electron conju- 40 
gate polymeric semiconductor 9, 9-1 , so that the do- 
pant will move in the direction of the layer thickness 
correspondingly to the voltage applied to the gate 
electrode, thus the channel impedance being subject- 
ed to a considerable change by the effect of the move- 45 
ment of the anion dopant 10. This moving speed of the 
dopant can be determined depending on the amount 
of charge, ion radius, type of polymer, density, inter- 
nal viscosity, temperature, and the like of the dopant 

The equivalent circuit and principle of such a de- so 
vice in accordance with this invention are shown in 
Figs. 4 and 5. Rg. 5 depicts an example of the device 
construction wherein the insulating layer 6 at the gate 
in Fig. 4 is replaced by a high resistance layer 6-1 hav- 
ing a low insulation resistance. The high-resistance 55 
layer 6-1 at the gate is preferably made from a mate- 
ria) having an electrical resistivity of 10 s to 10 12 n cm. 
It is furthermore necessary that the electrical conduc- 



tivity of the electron conjugate polymeric semicon- 
ductor layer 3 between a pair of electrodes after dop- 
ing be markedly higher than that of the mobile dopant 
retaining layer 4, as is apparent from the equivalent 
circuit shown here. The device in accordance with this 
invention is characterized by its capability of forming 
a high-gain device making use of its feature that the 
electrical conductivity of the conductive polymer will 
widely vary up to a range of 10 orders of magnitude 
in the direction of the film, i.e., that of source to drain. 
On the other hand, the device will allow a high 
strength of electric field to be applied in the thickness 
direction, thereby rendering the response speed fast- 
er. 

Although Rg. 3 shows, for the sake of explana- 
tion, only an example utilizing the p-type electron 
conjugate polymeric semiconductor layer 9, 9-1 and 
the anion dopant 10, rt will be apparent to the skilled 
in the art that this invention is not limited to this ex- 
ample and this is the case also when cation dopant 
is doped into an n-type electron conjugate polymeric 
semiconductor. 

The semiconductor memory device of this inven- 
tion may be constructed not only with three terminals 
but also wfth four terminals, for example, taking a sub- 
strate terminal using silicon single crystal having an 
SiOj insulating surface. In this case, the control char- 
acteristic thereof will be of a higher precision and bist- 
able. 

Rg. 6 illustrates an example of the four-terminal 
device, wherein the four-terminal semiconductor 
memory device is so constructed that on a gate elec- 
trode 11 comprising a semiconductor substrate hav- 
ing an insulating film 6 on its surface there is provided 
an electron conjugate polymeric semiconductor layer 

3 and a mobile dopant retaining layer 4 are overlaid 
with a dopant penetrating separation layer 12 inter- 
posed therebetween. 

The dopant penetrating separation layer 12 inter- 
posed between the electron conjugate polymeric 
semiconductor layer 3 and the dopant retaining layer 

4 serves to accurately control the dopant distribution, 
thereby stabilizing the switching current between a 
pair of electrodes. For this dopant penetrating sepa- 
ration layer 12, an ion penetrating porous film or the 
like may be used; for example, a separator material 
is suitable therefor. 

At both ends of the electron conjugate polymeric 
semiconductor layer 3 and the dopant retaining layer 
4 there are provided electrodes 1 and 2. On the mo- 
bile dopant retaining layer 4 there is provided a gate 
electrode 5 with a high-resistance layer 6-1 inter- 
posed therebetween. A drive power supply is con- 
nected between the electrodes 1 and 2. 

A control voltage in the form of pulse voltage is 
applied to each of gate electrodes 5 and 11, and the 
dopant distribution will accurately be controlled by 
controlling the amount, phase, and the like of the 
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pul se voltage ^^te instructed for a wo- 

terminal plastic "J^U* with 

wherein the B-V^Jl1 1 and 2. e* *»» *• 

source electrode^ 1. ^"V^ 0 f electrodes 1 
t^^dSr^inthe electron 
and 2 to control the |ayer 3 or the do- 

conjugate PO^f^^ing the electrical 
pant retaining layer 4 J ^JJLton. while a 
conductivity ^J^^voltage is applied be- 

voitage tower fZ* 2 for driving into 

tween the pair of electrodes lano 

conduction. ^,,,-have. tne semiconductor . 

memory device or with time and the 

forms switching "^^J^S for artificial in- 
amountof cune***^ , c devic88 are 

Now the invention wro oe u 
. ence to several embodiments. 

Example 1 



tnrmM i a 20 um thick dopant 

substrate 8. the™ *J» ^^eiSron conjugate 
re «ainingtoyer4anda«^th,^ gthem 

one after ano*"' fofToe d thereon and a 
5 and an insulating ^JJ,^ thereon, thus 
gate electrode 5 was provided tu For 
constructing a S en,cond^tor ^rne^ ^ ^ 
thein ob«e -opantretototng JjJjS^ vinyl 
nyed from a OT P^ o !^l n d u ctor memory de- 
* aM ^T b Sni "^re^e 1 thereof was 
vice thus obtained, tne g decUooe 1 so as to 
short-circuited ^^^^a positive 

^^^TvC ^ a negative gate 
gate pulse of 10 V ano ' chang eof up to 
« Lseof lOV.sothatrthasshownacna g 

10* of the channel impedance. 

^^^^n^uge'wasappltod 

across an arbitrary pa* « 1 e^e from the 

• m puttermir»a!totheoutoutt^^^ 
tine* tow impedance *e ■* 
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Examples 



w — in ro 2. on an electrically conductive 
As shown inRg.z, on ^dopant 

substrate 8. l ^^^ n con^teporymeric 
semiconductor layer s w a pair of 

electrodes 1 and 2w ^P? n ^ an msu- 

electrode 5 was P^i^dopant retaining lay- 
'^'^ISo^^^vmerof^ 
er4. a perchlorate derweo ^ g ^ 

nylpyrixline and W yf a^«s 
Sconductor memory dev^ v^ob ^ ^ 

""■".'JS ^ inTo^tion. the device 
electrode 5 of to* *£LTLia characteristics 
h as shown such nonpar «M J9 

as shown .n Fig. a learning wtth a positive 

Example 2 

7 on an electrically conductive 
As shown in Fig- on " 



• cm ? on an electrically conductive 
As shown in Fig. 2, onaner dopant 

substrate 8. *^^*J£ili pcfyme* 
ao retoininglayer4andaneteciro i ^ 

semioonductorteyer3cemp«mgal^ ^7pairof1e> 

^"r^wfnTto^e^ and a contro. 

trades 1 and 2 were " tetwee n with an insu- 
electrodeSv^providedtoerebe^wee 

, $ lating layer 6 was used. The 

toiningtoyer4.polyd^^J ^ put 

istics as in Fig* 9. 

40 

Example 4 



substrate 8. there were <«^ a ^ ate polymeric 
, 5 retaintogtoyer4an^an^^JU9 

semiconductor layer 3 ^'^Vpalrof elec- 
pyrrotolayerby overiayingti^ where ^ 

Zes 1 ^^"^"^eo^lrtrwprovld. 
thereon and a control ^ectrod^ 5 was 

5 was short-circuiteo wan . ^ riectrical- 

ares,stor.thus»netroc4.ng^ 

^cwtrol device. For the mobileoop 
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operation, a network having a resistance pattern cor- 
responding to the learning signals could be created 

Example 5 

As shown in Rg. 6, on a silicon substrate 11 in- 
cluding an oxidized insulating film 6, there were 
formed a 5 urn thick dopant retaining layer 4 and an 
electron conjugate polymeric semiconductor layer 3 
comprising a 1 0 urn thick polypyrrole layer by overlay- 
ing them with a dopant penetrating separation layer 
12 interposed therebetween, where a pair of electro- 
des 1 and 2 and a high-resistance layer 6-1 were pro- 
vided thereon and a control electrode 5 was further 
provided on the high-resistance layer, thus construct- 
ing an electrically control device. For the mobile do- 
pant retaining layer 4, a compound of polyvinyl quino- 
line tetraborate and urethane was used. The electri- 
cally control device thus obtained, when put into op- 
eration, has shown switching characteristics and 
source-drain current time-characteristics similar to 
that of Example 1. 



Claims 

1. A semiconductor memory device having a .MIS- 
FET structure comprising an electron conjugate 
polymeric semiconductor layer (3) containing a 
mobile dopant for imparting electrical conductiv- 
ity formed between a pair of electrodes (1 , 2) and 
at least a first gate electrode (5) provided be- 
tween said pair of electrodes (1, 2) with an insu- 
lating layer (6) or a high-resistance layer inter- 
posed along said electron conjugate polymeric 
semiconductor layer (3) so that dopant distribu- 
tion in said electron conjugated polymeric semi- 
conductor layer (3) is controlled by said first gate 
electrode (5) to control the electrical conductivity 
of a conductive channel consisting of said elec- 
tron conjugated polymeric semiconductor layer. 

2. A semiconductor memory device as claimed in 
claim 1, 

wherein the electron conjugate polymeric semi- 
conductor layer (3) comprises a dopant for im- 
parting electrical conductivity, a polymer having 
a long n electron conjugate main chain, and a 
plasticizer dissolving said dopant 

3. A semiconductor memory device as claimed in 
claim 1, 

wherein the electron conjugate polymeric semi- 
conductor layer (3) is of at least one type selected 
out of electrolytically polymerized polythiophene, 
polypyrrole, poly-p-phenylene, and their copoly- 
mers and derivatives. 



4. A semiconductor memory device as claimed in 
claim 1, 

wherein the electron conjugate polymeric semi- 
conductor layer (3) is formed adjacent to a dopant 
5 retaining layer (4) consisting of a polymeric com- 

pound layer complexed with said mobile dopant 
or of an ion radical contained polymeric com- 
pound including said mobile dopant 

10 5. A semiconductor memory device as claimed in 
claim 4, 

wherein the ion radical contained polymeric com- 
pound comprises at least one type selected out of 

(a) a low-conductivity electron conjugated 
is polymeric compound containing a mobile do- 
pant 

(b) a polymeric compound in which a salt de- 
rived from a mobile dopant and an inverse-po- 
lar ion radical is dispersed, 

20 (c) a polymer complex of a mobile dopant and 

an ion radical polymer, and 
(d) a low-conductivity compound made of a 
mobile dopant contained high-conductivity 
electron conjugate polymer and an insulating 

25 polymer. 

6. A semiconductor memory device as claimed in 
claim 5, 

wherein the dopant contained low-conductivity 
30 electron conjugated polymeric compound com- 
prises a polymer having n electron conjugated 
side chain or a polymer having no long-distance 
electron conjugate main chain thereof. 

35 7. A semiconductor memory device as claimed in 
daim 5, 

wherein the polymeric compound into which a salt 
made of a mobile dopant and a reverse-polar ion 
radical is dispersed comprises a salt having, as 
40 ion radicals, heterocyclic cation radicals contain- 
ing nitrogen and/or sulfur or anion radicals such 
as haloquinone and cyanoquinone has been mo- 
lecularly dispersed into a compatible polymer. 

45 8. A semiconductor memory device as claimed in 
claim 5, 

wherein the ion radical polymer is a polymer hav- 
ing heterocyclic cation radicals containing nitro- 
gen and/or sulfur in its side chain or main chain. 

50 

9. A semiconductor memory device as claimed in 
claim 4, 

wherein the polymeric compound layer forms an 
ion clathrate compound or a poh/ion complex with 
55 a mobile dopant 

10. A semiconductor memory device as claimed in 
claim 9, 
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^ I *vso inn dathrate compound is of a con- 
A semiconductor memory device es Calmed in 

^Xbya-opantP-tratlng^ 

Z. A semiconductor memory device as claimed in 

a ^2' ^wftetgate electrode (5) Is fonned on 
wherein saw nrai^w ^^ 
saWdopantretammglay^wmsa 

ond gate ^™"^ 8 ^^ductor layer (3) 
eecu 

13 . A semiconductor memory device as Calmed in 
wSmesec.ndgatee.eCrc^O^asenv 
iconductor substrate. 

14 . A semiconductor memory device as Calmed in 
any of claims 1 to 13. short . 

tron ^o^^i^^y^ 

thereby vary«9th^r,«. 

S^lK"-* having a 
rcieT^udethanthatof saWvo.tagepu.se. 
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nem ein hochleitfahiges dektronenkonjugier- 
tes Polymer enthaltenen beweglichen Dotier- 
stoff und einem isolierenden Polymer. 

6. HaJbletterspeicherbauelement nach Anspruch 5, 5 
In dem der Dotierstoff enthaltende, schlecht left* 
fahige elektronenkonjugiert-pdymerische Ver- 
bund ein Polymer mit einem n-elektionenkonji* 
gierten Seitenstrang beinhaltet oder ein Polymer 

mit einem Hauptstrang desselben ohne lang- 10 
reichweitige Bektronenkonjugation. 

7. HalWeiterepeicterbauelement nach Anspruch 5, 
in dem der polymerische Verbund, in dem ein aus 
beweglichem Dotierstoff und einem invers-pola- f 5 
ren lonemadikal gebildetes Sak verteilt 1st ein 
Sate enthalt mit heterozyWische Kationenradika- 

len als tonenradikale, welche Stickstoff und/oder 
Schwefel oder Antenenradikale wie Halochinon 
und Zyanochinon enthalten, molekular in einem 20 
passenden Polymer verteilt wurde. 

8. HalWeiterspeicherbauelement nach Anspruch 5, 
in dem das lonenradikal-Polymer ein Polymer 1st 

mit heterozyklischen Kationenradikalen, welche 25 
Stickstoff und/oder Schwefel in ihrem Seiten- 
strang oder Hauptstrang enthalten. 

9. HalWeiterspeicherbauelement nach Anspruch 4, 

in dem die polymerische Veibundschicht einen 30 
Clathrat-Verbund oder einen Polyion-Komplex 
mit einem beweglichen Dotierstoff bildet 

10. HalWeiterspeicherbauelement nach Anspruch 9. 

in dem der londathrat-Verburid wie ein Kronenet- 35 
her oder ein PWyithyienoxid aufgebaut ist 

11. HalWeiterspeicherbauelement nach Anspruch 4, 
in dem die elektronenkonjugiert-polymerische 
HalWeiterschicht (3) und die dotierstoffzuriick- 40 
haltende Schicht (4) durch eine dotierstoffdurch- 
dringende Schicht getrennt werden. 

12. HalWeiterspeicherbauelement nach Anspruch 

11. « 
in dem die erste Gate-Bektrode (5) auf der do- 
tierstoffzuruckhaltenden Schicht (4) ausgebildet 

ist, wobei die Isolierschicht (6-1) dazwischen an- 
geordnet ist, und eine zweite Gate-Bektrode (11) 
auf der elektronerikonjugiefl-pofymerischen Halb- so 
leiterschicht (3) angeordnet ist, wobei eine Isolier- 
schicht (6) dazwischen angeordnet ist 

13. HalWeiterspeicherbauelement nach Anspruch 

12. * 
in dem die zweite Gate-Bektrode (11) ein Halb- 
leitersubstrat ist 



14» HalWeiterspeicherbauelement nach einem der 
Anspruche 1 bis 13, 

in dem die erste Gate-Bektrode (5) mit einer der 
Bektroden des Bektrodenpaares (1, 2) kurzge- 
schlossen ist 

15. Steuerverfahren fur das HalWeiterspeicherbau- 
element nach den Anspruchen 1 bis 13, 

mit dem Schritt, das Speicherbauelement zu pro- 
grammieren oder zuruckzusetzen, durch Anle- 
gen eines posftiven oder negativen Spannungs- 
impulses an die erste Gate-Bektrode, umdfeDo 
tierstof fverteilung der elektronenkonjugiert-poly- 
merischen HalWeiterschicht zu verindern und 
somit deren elektrische Leitfahigkeit zu variieren; 
Ausiesen des Speicherbauelementes durch An- 
legen eines Erdpotentials an die erste Gate- 
Bektrode und Anlegen einer Spannungzwischen 
dem Bektrodenpaar. 

16. Steuerverfahren fur das HalWeiterspeicherbau- 
element nach Anspruch 14, 

mit den Schritten, das Speicherbauelement zu 
piogrammieren oder zuruckzusetzen, durch An- 
legen eines positiven oder negativen Span- 
nungsimpulses zwischen dem Bektrodenpaar, 
urn die Dotierstoffverteilung in der elektronen- 
konjugiert-polymerischen HalWeiterschicht zu 
verandern und somit die elektrische teitfShigkeit 
derselben zu variieren; Ausiesen des Speicher- 
bauelementes durch Anlegen Biner Spannung 
zwischen dem Bektrodenpaar, welche eine klei- 
nere Amplitude aufweist als die des Spannungs- 
impulses. 



Revendications 

1. Disposftif de memoirs a semi-conducteur ayant 
une structure MISFET comprenant une couche 
semi-conduct rice polymere conjugue <f Electrons 
(3) contenant un dopant mobile pour communi- 
quer une conductivite electrique foimee entre 
une pairs d'electrodes (1 f 2) et au moins une pre- 
miere Electrode de grille (5) placee entre ladrte 
paire d'electrodes (1,2) avec une couche d'isda- 
tion (6) ou une couche de resistance elevee inter- 
poses le long de ladite couche semi-conductrice 
polymere conjugue electrons (3) de sortB 
qu'une distribution de dopant dans ladite couche 
semiconductrice potymfcre conjugue d'&ectrons 
(3) est command6e par ladite premiere Electrode 
de grille (5) pour commander la conductivite Elec- 
trique <fun canal conducteur se composant de la- 
dite couche semiconductrice polymere conjugue 
d'6tectrons. 

2. Dispositif de memoire a semheonducteur selon la 
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Ai^Hnn 1 dans lequel la couche semi- 
revendicabon i, can* rfM rf _ # 3 \ 

conductrice polymfere conjug^e^ W 
comprend «n dopant ^^une 
conduct*** aectrique. un P*^^!^ 
JL. chaine d'aectrons P^ate de c^ju^ 
!Xne *, et un plastif lant dissolvent ledit d<^ 

pant 

St au moins d'un type selecbonn*j »rm. le 
SSs eledrolytiquement etleurs copolymeres 
et derives- 

est fbrmee au voisinnage de »a couche (4) dene- 

rbSelu^uTradcal ionique contenu dans un 
rZCyrn^econ.prenant.edKdopantmc, 

bile. 

. r^nsun compose ^re comprend 

^"^condi contenant un do- 

derive d'un dopant mobile etrTun radical .on>- 
. aTinversernentpdaire 
. Jc) un complexe pdymere <^^* mobito 
ettfun polymere de radical 
(d ) un compose de faiWe co«Juct N *6fett^ 

diant mobile contenu dans «M»^ 
coJjugue d'eiedrons de haute conductrvrte et 
un polymere d*isda«on. 

2 foible conductivite comprend un polymere 
Infl^ne laterale conjugue «T«ertrons 
« de * ou un polymere n'ayant pas de 

distance de celui-ci. 

7 Oispositifdemenwireasemi-wnducteur^onte 
Sication5.dansleque.tecomposepo.ymfr- 
Tdans" que. un se. constitue rfun dopant mo- 

l e" *s -*»« ionk,ue r^rii^ 

est disperse, comprend un sel ayant, comme a- 
dSa^niques, des radicaux cation,ques hete- 



piques contenant de I'azote et/ou du souf re 
S^uxaanioniquetelsquoraloqunone 
ou oes reuiuau* rtioD*rs6 de facon me- 

et le cyanoquinone a et* d«perse oe 
leculaire dans un polymere compatible. 

a DisposWfdeir^ireasemi-conducteurselo^ 

8 - S-ttenS.dans.equel.epc^^ 
to nk,ue estunpo^reayantdesrad.cauxcauo- 

Xues heterocydiques contenant de J azote 
e "ou du soufm dans sa chatne lattrale ou sa 
chaine prindpale. 

9 . Dispos*ifdeme«*>ireas^ 
nZdicatton4.danste^^^ 
se polymere forme un compose de dathratewm- 
qu e oU com^xe pdyionique avec un dopant 

mobile. 

10 DisposiUfdem^ireasemW«nducteurselonta 

crown ou d'oxyde de pdyethytene. 

11 DfeposiUfdern^ireasemWconducteurselonte 
^cation 4. dans lequel .•««* mj* 
conductrice polymere conjugue d 6lectrons {3)« 

. J^uche deretenue de dopant (4) soot separees 
pTune couche de penetration de dopant 



30 12. Disp«itifden^asemi^cteur^ 

revindication 11. dans ^ J^T^ 
wirtrode de grille (5) estfoimee sur ladite cou- 
rdTmtenufdedJpantl*) 

teolante (6-1) interposee entre die* et une 
^deledrodedegrilleO^estplaceesuradte 

35 ^e TenSonductrice polymjre ccjugu* 
Slectronst^avecunecouohe^olantet^mter. 

pos6e entre eiles. 

40 nTndic*^ 

dede grille (11)estunsubstratsemH»nducteur. 

14 . DfeposWf de memoire a 

runeqiielconquede S revendicat«ns1413.ow« 

" J , a premiere aectrode de gnlle (5) est 

d'«ectrodes(1.2). 
M 15 ProcededecomrrandepourledisposWfder^- 
mSTa semi-conducteur selon les revend.ca- 

«on ou de reinitialisation du disposrtrf de rnfemwre 
Tappliduant une impulsion de tens»n pos^e 
a ou SgaSve a la premiere electrode ^de gn e pour 
cnanger la distribution de dopant de ladrte o^ 
che^con^^ 

trons. faisant varier ainsi la conduct^ electn- 

10 
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que de ceHe-d ; de lecture dudit dispositif de m6~ 
moire en appliquant un potentieJ de masse & la- 
dite premiere Electrode de grille et en appliquant 
une tension entre ladite parred'electrodes. 

5 

16. Precede de commande pour le dispositif de me- 
moire & senri-conducteur sek>n la revencfication 
14, comprenant les etapes de programmation ou 
de reinitialisation du dispositif de memoire en ap- 
pliquant une impulsion de tension positive oune- 10 
gattve entre ladite pa ire d'electrodes pour chan- 
ger la distribution de dopant de ladite couche 
semi-conductrice polymere conjugue tfelec- 
trons, faisant varier ainsi la conductivity elect ri- 
que de celle-d; lecture dudit dispositif de memoi- 15 
re en appliquant une tension entre ladite pa ire 
d'electrodes ayant une amplitude plus petite que 
celle de ladite impulsion da tension. 
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Fig. J 
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Fig. 6 
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